INTRODUCTION
Measurement of the magnetic properties of basalts from the area of the Galapagos Spreading Center by both surface and deep-tow techniques provides information regarding large-amplitude linear magnetic anomalies. In this chapter are reported the results of such measurements and correlations with data from the Costa Rica Rift.
Studies of basement rocks dredged from the Galapagos area have shown that those nearest the Spreading Center have a much higher intensity of magnetization than do other basement rocks (Anderson et al., 1975) . Basalts from the ridge crest with normal amplitude anomalies contain 9% total iron, while those from the ridge crest with large amplitude anomalies contain 14% total iron. Titanomagnetite enrichment in basalts could cause the observed large amplitudes (Vogt and Johnson, 1973; Anderson et al., 1975) .
SAMPLE SITES
Drilling sites on Deep Sea Drilling Project (DSDP) Leg 70 were located approximately 17 km south of the Galapagos Rift Zone (Fig. 1) . Basement rocks for magnetic study were recovered from four sites located at anomalous geothermal areas; Sites 506 and 507 are located in a high heat-flow area; Site 508 is in a low heatflow area; and Site 510 is in a normal heat-flow area (Becker et al., this volume) . Ages of basement rocks at these sites are estimated by magnetic anomaly patterns as follows: Site 506, 0.54 m.y.; Site 507, 0.69 m.y.; Site 508, 0.85 m.y.; and Site 510, 2.73 m.y. Two other sites are included for magnetic correlation with this area. Sites 504 and 505 of DSDP Leg 69 were located at the south flank of the Costa Rica Rift; crustal ages at these sites are estimated at 3.9 m.y. and 6.2 m.y., respectively (Langseth et al., in press) (Fig. 1) . The experimental procedures used for this study are the same as those described in Furuta (in press).
RESULTS

Saturation Magnetization and Saturation Remanent Magnetization
Results are shown in flow areas (Holes 5O6G, 507B, and 508B) is around 1 emu/g, whereas that from the normal heat-flow area (Hole 510) is less than 0.6 emu/g. In this case, it appears that saturation magnetization depends primarily on the concentration of ferromagnetic minerals and not on progressive alteration. The wide range of saturation magnetization suggests a highly variable concentration of ferromagnetic minerals in each basalt, though produced at the same spreading center. 
Thermomagnetic Analysis and Curie Temperatures
Thermomagnetic curves of samples from Holes 506G, 507B, 507C, 508B, and 510 can be classified into three types as shown in Figure 2 . Results of the thermomagnetic analysis are summarized in Table 2 . Curie temperatures of reversible samples (Type I), which may represent the original phase or a slightly oxidized phase of titanomagnetites in basalts, range from 130°C to 300°C. The frequency of occurrence of reversible types in each hole is more than 50%. It suggested that the titanomagnetites in these samples are not always oxidized at low temperatures. Curie temperatures of irreversible samples (Type II), which are thought to represent the oxidized phase of the original titanomagnetites, range from 180°C to 300°C. These Curie temperatures, however, have relatively lower values than those of oxidized titanomagnetites which are often observed in submarine basalts. The irreversible thermomagnetic curves of Type 
84°W
III are rarely observed in submarine basalts; this type was found in only one sample.
Chemical Properties of Titanomagnetite
The grain size of titanomagnetites in the present samples is relatively small, so that chemical analysis using an electron microprobe could be done on only a few samples. The ratio of Ti/Fe was obtained, and the x-value of the ulvospinel-magnetite solid solution [xFe 2 TiO 4 (1 -x)Fe 3 O 4 ] or its oxidized product was calculated on the assumption of stoichiometric ulvospinel-magnetite series. Results are shown in Table 2 . The x-value of Hole 507B samples is higher than those of normal submarine basalts, ranging from 0.65 to 0.70.
The higher x-value (higher titanium content) for titanomagnetite could be explained as migration of iron ions from the original titanomagnetite phase, accompanying oxidization at low temperatures (Ryall and Hall, 1980) . However, the low Curie points of most samples from Hole 507B preclude significant oxidation at low temperatures in spite of a high x-value.
The x-value of samples from Hole 510 is lower than that of samples from Hole 507B, showing a normal value of x = 0.6 (Sample 510-10-1, 26-28 cm). Sample 510-11-1, 96-100 cm shows a wide range in values (i.e., 0.23-0.69), as shown in Figure 3 .
DISCUSSION
Some basalts from the area of the Galapagos Spreading Center are known to have a higher total iron oxide content than do normal tholeiitic basalts (Anderson et al., 1975; Hekinian et al., 1978) . The high saturation magnetization (J s ) of Holes 506G, 507B, and 508B suggests that the content of magnetic minerals is high. Data from Sites 424 and 425, which are located on an area of high heat flow, show high J s (Petersen and Roggenthen, 1980) . On the other hand, the J s of samples from Hole 510, which was located on an area of normal heat flow, has a wide range and a lower mean J s value, suggesting one of the following: (1) that the content of magnetic minerals is very similar to that of the high J s holes, but that weathering has decreased the J s values or (2) that the concentration of magnetic minerals is normal and similar in content to that of other submarine basalts. Unfortunately, data for total iron oxide content have not yet been obtained.
It is apparent that titanomagnetites in more than half the samples do not show any sign of oxidation at low temperatures in spite of the high degree of hydrothermal circulation at Holes 506G, 507B, and 5O8B (Karato, this volume). Thus, low temperature oxidation of titanomagnetite is not always accelerated by hydrothermal circulation.
It is well known that the x-value of titanomagnetite in submarine basalts has limited variation and that it is about 0.6 (e.g., Johnson and Hall, 1978; Ryall and Hall, 1980; Petersen and Roggenthen, 1980) . Although there are not enough samples to discuss the x-value of titanomagnetite, some data do show a different value from normal submarine basalts. The x-value of samples from Hole 507B is 0.65 to 0.70, which is considerably higher than that of nonoxidized titanomagnetite in normal basalts. Samples 506G-2-1, 9-11 cm and 510-10-1, 12-14 cm show a normal value around 0.6. Sample 510-11- 1, 96-100 cm shows wide variation in x-values, ranging from 0.23 to 0.70. Figure 3 shows the variation of x-values with Al 2 θ3 content for titanomagnetites in four samples. Three of these-Samples 506G-2-1, 9-11 cm, 507B-1-1, 18-20 cm, and 507B-1-1, 57-59 cm-show a narrow range of x-values, whereas Sample 510-11-1, 96-100 cm shows a wide variation of values.
Similar wide variation of x-values is found in the Costa Rica Rift basalts (Furuta, 1980) . The relationship between x-values (or Ti/Fe atomic ratio) and A1 2 O 3 content shows a rough correlation: x-values increase (i.e., Ti content increases) as A1 2 O 3 content decreases. This indicates that the crystallization stage of titanomagnetite may be different and that the earlier crystallized titanomagnetite contains a higher A1 2 O 3 content (Fig. 3) .
Finally, it is interesting to compare the magnetic properties between basalts from the Galapagos Rift and the Costa Rica Rift. In Figure 4 , the saturation magnetization (J s ) as determined on Legs 54, 69, and 70 on anomalous heat-flow areas is plotted against crustal age. It is observed that J s decreases with age. This correlation may suggest that titanomagnetite was progressively oxidized with increasing crustal age. However, at four sites whose ages are within one m.y., J s varies from 0.9 to 1.4 emu/g. This variation may be attributed to titanomagnetite content rather than to low temperature oxidation. J s at Site 505 is smaller than at Site 504 despite younger age and less oxidation. This discrepancy may explain why the content of titanomagnetite at Site 504 should be somewhat larger than at Site 505. Variation in iron-oxide content in the bulk chemistry of basalts from Sites 504 and 505 is small but distinct. The chemical composition of these samples supports the assumption of a difference in titanomagnetite content between Sites 504 and 505. Hole 424 basalts contain 14% total iron oxide (Hekinian et al., 1978) , whereas Hole 504 basalts have a normal total iron oxide content with values around 10% (Marsh and Tarney, in press ). Figure 5 shows the Curie temperatures of samples from Legs 54, 69, and 70 plotted against crustal age. It is clear that Curie temperature shows a distinct increase with age. The increase in Curie temperature from that of the initial phase of titanomagnetite crystallization is known to result from oxidization at low temperatures. Figure 5 suggests that a great deal of low temperature oxidation of titanomagnetites might be accomplished within a few million years. This is consistent with the data of Johnson and Atwater (1977) , who reported results from the FAMOUS investigations showing that as the distance from the ridge axis (or crustal age) increases, the Curie temperature increases to values around 300°C. They attributed these increases in Curie temperature to progressive low temperature oxidation of the initial titanomagnetite to titanomaghemite. In fact, most samples from Hole 504, a high heat-flow area, were oxidized at low temperature, but more than half the samples from Hole 5O5B were not oxidized (Furuta, in press) . It thus appears that low temperature oxidation of titanomagnetite may not always depend upon increasing age, but rather on grain size or preservation. This result is consistent with previous studies of submarine basalts. Especially in a hydrothermally active area, the microstructure surrounding the titanomagnetites may control the process of low temperature oxidation. SUMMARY 1. A high degree of hydrothermal circulation does not always result in oxidation of titanomagnetites in basalts. Oxidation of titanomagnetites at low temperatures in relatively young crust depends mainly on grain size or on the microstructure surrounding the mineral, i.e., porosity or cracks in the rock.
2. Although the titanomagnetite of most submarine basalts exhibits a very limited range of titanium content (x 0.60), some differences were observed in the sam- pies examined. The x-values of unoxidized titanomagnetites from Hole 507B basalts are larger than 0.6.
3. An increase in Curie temperature with increase in crustal age was observed. This was true too of basalts from the FAMOUS area (Johnson and Atwater, 1977) . The increase in Curie temperature was attributed to progressive oxidization at low temperature. The second Curie temperatures (°C) observed during cooling. The ratio of saturation magnetization observed at room temperature after and before heating. 
